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NOTES 

Antibody  Response  of  Humans  to  the  Cit'ciimsporozoite 
Protein  o\'  Plastuodium  vivax 

1.11. 1. I  N  I).  I  R.ANKi;.’  (  AKMI-N  .\1.  I  I  (  AS.'  \M)  I-KVIN  SAN  RO.MAN' 

t  .S  \ii\iil  Miiliitil  /v'(  \iiinli  liisittiilv  Pcitirliiiifiil — l.i/iKi,  l.inni.  I’l'ni.'  tmd  ()i  i  iih'rildl  i’clnilviitii 

(  III  rcni.  Xiuloiii.  I’l  rir 

Klvcivi-.I  :‘Mki,>hci  \i.vcpli.<t  (11  Apiil  IWI 

v.. 

Wc  studied  the  interaction  of  sera  from  residents  of  an  area  in  northern  Peru  where  vivax  malaria  is  endemic 
with  four  recoinhinant  l)N.\-derived  circiimsporo/oile  (CS)  proteins  of  Plasmodium  vii-ax.  The  antigens  used 
in  the  en/yme-linked  imnumosorhent  assay  included  one  Eschvrichia  co//-produced  and  three  Saccharomyces 
cereriv/ae-produced  recomhinant  proteins.  Three  of  the.proteins  (NSl^i  V20,  Vivax- 1.  and  \’ivax-2)  contain  the 
entire  central  repeal  retjioii  of  the  iiio.v  (.'.S  protein,  and  one  protein  (Vivax-.^l  contains  only  two  repeal 
sequences,  \  ivax-l.  \'ivax-2.  and  \'ivax-.f  c<inlaln  dinerenl  lengths  of  sequences  llankint;  the  repeats.  A  higher 
percentage  of  the  sera  h  id  antibodies  to  \'ivax-2  and  Vivax-Jt.  the  two  proteins  containing  the  longest  nonrepeat 
sequences,  than  to  or  \'iva\-l.  Children  less  than  5  years  of  age  did  not  have  immunoglobulin  G 

antibodies  to  N.SI^\2(I;  however,  they  had  antibodies  to  \ivax-l.  \ivax-2.  and  A'ivax-.^.  The  finding  that 
individuals  living  in  a  malariaA-iidemic  area  produce  antibodies  to  peptides  containing  nonrepeat  regions  of  the 
C.S  protein  emphasizes  the  need  to  characterize  the  immune  response  to  these  regions  in  naturally  exposed  and 
experimentally  immunized  humans. j.. 


I  he  eiieiimspi'io/oite  K  .S»  f'lcleiii  ol  l’lii\in<ulitiiii  inns 
(i.is  heon  iileniilieii  .i'  a  Uiieei  aiiiigcn  tm  .i  htim.tn  malaria 
’.aeeine  The  iiaiive  (  S  pimein  ul /'  inui  is  ’"Ciiiimo  aeiils 
in  length  .iikI  eont.ini'  i  .enli.ii  legkni  of  tandein  repeats  ol 
nine  amino  .leul'  Seqiienee-  design. iled  regnms  I  .uul  II 
tl.iilk  the  lepe.i’s  .aul  .i;e  iioii;ohieoiis  .uiioitL’  m.!ir.  specie'  ol 

m.il.i;  l.l  I  I  t  I 

We  'loiaeil  Itie  ime; i,, .e;  s.iiuple-  ti.'io  imlivi.t 

ii.eIs  I  e skiing  III  .E  in.ii.i:  1,1  eikis  kEis  .ei  e.t  in  Oem  thei  n  I’ei  ii  w  nli 
EEkii  ieeomhiii.ini  I  )N .\  dei  i .  ei!  <  S  piE<leins  ol  /’  u.oi 
I  h  CNC  tiuir  piolcMiN  X. \  ml. on  ililleienl  ieiiglli'  i>|  the  (  .S 
nioleeule.  I  he  lecEiinhiri.ml  jiiigeiii  \ S 1. .  V  do  >  SimlhKIme 
■tiul  I  reneh.  Swevlei.nul.  I'.i  i  s.nisisis  ol  si  .iiiiin.E  .lekN  lioiii 
the  nonsi:  ueliiial  protein  1  ol  mlliieii/.i  \  viio'  inseE.!  N-lei- 
iiioieiIIv  ii>  the  eiiiiie  E.erEEEEEE  Evc.,.Et  le^i.-it  .eJ  t.*..  \  pf.gein 

of/'.  l;l(/\.  I  he  ViVaX  i.  VIV.IX-',  .Uld  V!>..;\-t  piotCIOs 
iChiron  Corporation,  l-.mei  v  v  ille.  (  .ihl  )  .ne  resiunhinaol 
products  expressed  intern. i!l\  in  Nr,.  .  /;<;/. 'o.'-e-  .  >  .  ,  hmmiii- 
il.  2)  Vjx.ix-l  eont.iins  the  enlne  (i-(1e',i1  leenr'i  phi-  1' 
ammo  .leids  preceding  Ihe  lepeals  .mhI  4,S  .ninikr  .leids 
ll.mking  the  repe.ils  .n  the  e.nl'oxv  leimm.El  emi  \'iv.i\-2 
ililleis  from  Viv.ix-1  b>  eont.iinme  an  aihliinni.d  2'  .onioo 
.icivls  al  the  eai  I  o\v -termm.il  end  M'  Viv.tx  -  dilfeis  liom 
Vix.ix-2  in  Ihai  it  eiEnithns  .m  .uidition.'l  'J  .niimo  .icid'  .n  the 
N-Ierininal  end  and  onK  one  ■'!  e.ieh  I'l  ihe  ii-piMl  seqneiices 
DRAIKKjI’Ad  .nul  DR  \  i2i. 

I  he  sliidx  po|iiil.ilkin  erkisisieil  of  >11  VEilnnleei  s.  langmg 
m  .ige  fiom  1  lo  ss  '.e- ns  e.l,E.  le  -klekl  III  oik'  ol  live  vill.iges 
I.AikIo.is  \  |e'|o.  XiieIee.is  Nee^ee,  \l.ni  li.ilCl.t  I  ill'.. tell.  .Old 
l.l  Uaiul.u  ne.n  the  ' id-,  ,e:,i!  i'.i ;  .■letm;  .imp  m 

\ndo.is.  I’eiii  M.eIeii  l.l  e  iiisE /'  .  ,1  ,,\  Is  .  n.lemie  III  this 


are.i.  I  here  were  no  reports  of  /’.  UilriiKiniin  infections  in 
lesidents  during  the  (>  years  that  records  were  kept.  The 
prevalence  ot'  mtiltiria  was  highest  in  children  between  the 
ages  of  1  .md  U  1 17'  -  slide  positiv  e'  anil  lowest  in  adults  I  Mh 
ve.iis;  ■■  slide  positivei  All  mfeetions  were  ctnised  by/’ 

.  11  </i  Imniimoglohiilm  ( i  i  lg(  ii  .mtiboily  titers  to  bl  'od  stagi 
/'  lEi.n  were  lue.isiiied  bv  an  mdiiect  imnumoniioiescciisr 
.I's.iv  Ihe  piopoition  with  [lOsitive  titer'  i  •l:.’2i  meiea'ed 
wiih  .Ige:  'It  of  those  I  to  '/  y  e.irs  old  and  .^4'  i  ol  those  •  R- 
ve.iis  old  h.id  antibodies. 

i  he  presence  of  specilic  led  antibodies  against  the  rcconi 
bin. ml  (  .S  proteins  was  determined  by  an  enzyme-linkcil 
immiinosorbeni  asstiv  llil.I.S.Ai  proeeiliire  niodilicd  troin 
that  of  Win/  el  al.  (111.  Mrielly .  each  serum  stmiplc  wa' 
lesiet'  III  iripiicale  ;il  a  i :  bib  eiiimion  in  liie  wells  ol  ..  ’’b  ” 
plate  (lmniulon-2:  Dynaieeh.  Cfiamilly,  V;t.)  co.iteJ  with 
eilhei  NS1.,V2().  Viv;i.x-1.  Vi\a\-2.  or  Viv;i\-,4  ill  .i  concen 
tr.iiion  ot'  2  pg'nil  and  in  Iriplie.iie  wells  without  antigen 
When  testing  for  antibodies  to  Viv;ix-1.  \’iv.tx-2.  aiw 
\iv.ix-  C  T'  ye.isi  exiiact  (l)ifco,  INelroil.  Mich. I  xx as  added 
to  the  blocking  biill'er  and  serum  diluent.  The  optical  ileii'i 
lies  i()|)s)  were  reail  al  4111  nm  .tficr  Ml  mill.  Ihe  meak 
dilleienee  between  Ihe  Ol)  of  ttiplieale  sevtiir.  sample' 
wells  wiili  ,md  wilhoul  .miigen  w.i'  reported  .i'  the  O’)  ' 
positive  aniilkuly  lespoiise  vv.i'  oieC  in  whisl.  the  ...v 

les!  seiimi  w  ,is  gie.iiei  iti.m  ttie  mean  OD  idU'  •  't.itie-es* 
devi.i^oiis  till  seiiiin  s.iinples  iii>m  2tt  mdixidita  '  wee 
piioi  e^i'osiiie  lo  /’  I'lEd  I’lisitive  ()|)s  lot 
Viv.ix  1.  \iv  ,x-2.  and  \iv.ix  '  v'c.e  btw.N,  ooiv  “O-' 
.iiiii  b.b.S',  u  speslivelv 

I  I.e  pels eiit.iee  ol  iiiilivklii.il'  vulh  Igt  >  aiud'i’dk  '  to  s ■  ' 

I'l  III.  loiii  I cs otiibm.uii  (  S  pii''siii'  I'x  ,.ge  giotip  »'  '(’>  " 
m  I  it'll*  I  I  tie  'Itvveal  ot.l  eioap  hail  thv*  hiehv "  i*^'' 

9  1*9^25  0f)7 
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TABLE  I,  Positive  IfiG  antibody  responses  lo  four  antigens 

representing  the  P.  vivax  C.S  protein 


Age  lyri 

No  icMi'il 

%  Pusifivc 

responses 

'  - 

NS1„V20 

Viva.x-l 

Vivax-2 

Vivax-l 

1-4 

44 

0 

9 

14 

21 

’>-9 

7.1 

1 6 

12 

12 

20 

lO-L’' 

63 

10 

Id 

19 

e-16 

131 

24 

22 

27 

19 

Total 

311 

16 

l.*! 

20 

21 

Icnce  of  IgG  antibodies  to  all  proteins  except  Vivax-3.  None 
of  the  children  4  years  of  age  and  younger  had  IgG  antibodies 
to  NS1;,,V20,  whereas  they  did  have  antibodies  to  Vivax-1, 
Vivax-2.  and  Vivax-3.  Overall,  a  higher  percentage  of  the 
serum  samples  had  antibodies  to  Vivax-2  and  Vivax-3  than 
to  NSlx,V20  or  Vivax-1.  Only  3%  of  the  samples  had 
antibodies  to  all  four  proteins.  Four  percent  of  the  samples 
had  antibodies  to  the  three  proteins  containing  the  complete 
repeat  region  but  did  not  have  antibodies  to  Vivax-3.  Six's 
percent  of  the  samples  with  antibodies  to  Vivax-3  also  hail 
antibodies  to  at  least  one  of  the  other  three  proteins. 

To  determine  the  specificity  of  the  antibody  reactions, 
selected  serum  samples  were  tested  in  an  inhibition  ELISA. 
Serum  samples  diluted  1:100  were  incubated  with  40  pg  of 
either  Vivax-1.  Vivax-3,  or  NSln,V20  per  ml  or  with  block¬ 
ing  buffer  for  2  h  at  37'C,  Vi\ax-2  was  not  tested  in  ihi- 
assay.  Antibody  levels  to  each  recombinant  GS  protein  were 
determined  in  the  preincubated  serum  samples  with  aii 
ELISA.  The  percentage  of  inhibition  of  binding  by  each 
protein  was  calculated  as  the  mean  OD  of  serum  samples 
preincubated  with  a  protein  divided  by  the  mean  Ol)  <4 
triplicate  scrum  samp'es  preincubated  with  blocking  bulfci. 
•nultiplied  by  100,  The  results  of  these  assays  are  shown  in 


I.Mil.h  2  In.nihitmn  ot  hindiny  of  nchiiii  lg(i  .iniiHoUn.-'  u- 
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111 

Mrrun’.  N-inifld 

Scrum 

n«' 

•Anficcn 

UNCil  m  — * 
IIJS.'S  V 

isuX  I 

InhibrfUHi  \ 

V  IV. t\-  3 

>v 

\SI.  A 

Vivav-l  only 

HHP1046 

Vivax- > 

r 

luu 

> 

nidMthT 

\  ‘  1 V :  1  S  -  1 

Vivax- 1.  -2.  and 

HI-;P1062 

Vivax-1 

w 

'M 

-3  only  1 

Vivax-.l 

97 

97 

■ 

MLPIUOi. 

Vivax-1 

V.' 

T? 

Vivax-.^ 

93 

96 

n 

HEPl.vsy 

Vivax-l 

s: 

56 

Vivax-3 

u 

II 

N.SI,^V20  and 

Ml;P1077 

Vivax-1 

III 

ts 

Vivax- 1.  -2. 

Vivax-3 

2‘i 

UK) 

and  -t 

N.S1mV2" 

KKI 

14 

HI  Pllul 

Sr. 

(1 

A  » 

Viv.ix-  ’ 

fvS 

'if. 

N'Sl.A  7" 

(t 

iti  PI ir 

X  1 V  .1 X  1 

ii 

>'» 

X'lvax- ' 

V) 

N’.st.;V:u 

0 

s  1 

NtyffS  2K37 

Table  2.  Inhibition  was  considered  significant  when  it  was 
45%  or  greater.  Homologous  proteins  inhibited  binding  82  to 
100%. 

The  reactivity  of  two  scrum  samples  with  antibodies  only 
to  Vivax-3  was  inhibited  by  prcincubation  with  the  homolo¬ 
gous  CS  protein  but  not  with  heterologous  protein  The 
reactivity  of  .serum  samples  positive  for  Vivax-1  and  Vivax-3 
was  inhibited  by  prcincubation  of  these  sera  with  cither 
protein  but  not  with  NS1^,V20.  In  scrum  samples  positive 
for  all  four  proteins,  binding  to  NS1k|V2(I  or  Vivax-1  was 
inhibited  by  prcincubation  with  NSl„,V20or  Vivax-1  but  not 
with  Vivax-3  .  binding  to  Vivax-3  was  inhibited  by  prcincuba¬ 
tion  with  Vivax-3  and,  foi  two  scrum  samples  to  a  lesser 
extent,  by  Vivax-1 .  The  observation  that  NSlx,V20  and,  for 
some  sera.  Vivax-1  are  unable  to  inhibit  binding  to  Vivax-3 
suggests  that  these  antibodies  arc  directed  against  epitopes 
outside  the  repeats  that  are  not  present  in  NSl^iV20  or 
Vivax-1.  Nonrepeat  regions  are  absent  from  NS1„]V20.  and 
Vivax-1  contains  a  shorter  nonrepeat  sequence  than 
VivaX'3.  It  is  unlikely  that  antibodies  were  directed  against  a 
contaminant  present  in  Vivax-1  oi  Vivax-3,  because  scrum 
samples  from  individuals  with  no  exposure  to  malaria  did  not 
have  antibodies  to  these  proteins. 

I'he  results  of  the  present  study  indicate  that  individuals 
living  in  a  malaria-endemic  area  produce  antibodies  to 
recombinant  proteins  containing  the  repeal  and  nonrcpcat 
regions  ;>f  the  C.S  protein  of  P.  vivax.  Data  presented  here 
Miggcsi  that  at  least  some  of  these  antibodies  were  directed 
against  epitopes  in  the  nonrepeal  legion  of  the  CS  pioiein. 
I  he  pereeniage  of  individuals  with  IgG  antibodies  to  Viva.\-2 
and  Vivax-3.  the  two  recombinant  CS  proteins  containing 
the  longest  nonrepeal  sequences,  was  greater  thtin  the  per¬ 
centage  with  antibodies  to  the  protein  containing  only  the 
repeats  iNSL,V2()»  or  the  protein  containing  the  shortest 
nonrcpcat  sequence  ( Vivax-1  >.  Children  below  the  age  of  .5 
V e.trs  divl  not  have  IgG  anliturdies  to  V2(l:  however,  *1. 

i  i.  .<iid  2!  ot  these  children  had  IgG  antibtvdies  to  Viva.x-l. 
-n.i'  2.  .itui  Vivas-',  respeeliv eh  .  I  he  h>w  prevalence  of 
..iiiiKuiics  to  .N.SL,|V20  could  be  explained  bv  the  possible 
presence  in  our  study  area  of  variant  C.S’  repeals,  such  as  that 
reported  bv  Rosenberg  ci  al.  (S)  for  vivax  from  I  haihind. 
It  is  unlikely  that  the  antibodies  meastircil  in  the  l-'LIS.A 
were  direcicil  against  a  yeast  coniaminjmt  in  Vivax- 1. 
Vivax-2.  and  Viva\-3.  because  serum  samples  obtained  from 
individuals  with  no  bisiory  of  .mala.ria  infectiv.u  did  iioi  have 
antibodies  to  the  yeast-derived  pmleins.  I-Tirthcrmore,  in 
serum  samples  with  antibodies  to  all  four  recombinant 
proteins,  Vivax-3  vvas  unable  to  inhibit  binding  to  Vivax- 1  or 
.N.SI„,V2()  (Vivax-2  vvas  nr't  tested),  suggesting  the  presence 
ol  multiple  antigenic  sites  in  the  rcpe:il  region  and  outside 
the  repeats  in  the  sequences  that  tire  absent  from  N,Sl^,\'2tl 
and  Viva.x-l.  It  is  possible  that  conformational  dilTereiiccs 
exist  among  the  four  recombinant  proteins  and  that  epitopes 
are  optimally  exposed  in  proteins  containing  longer  non- 
lepeai  sequences. 

IVevious  studies  have  demoiisiiateil  that  the  nonrcpcat 
regions  ol  the  C.S  protein  of/’,  ktanvli  \i  ate  immunogenic  in 
expel imcniallj|  imimini/eil  monkeys  i'»  and  rabbits  tlOl, 
Reeenilv  it  whs^  shown  that  some  iiidiv idiials  in  in.il.iii.i- 
endemic  .iieas  pioduce  .mlibodies  to  legion  I  t'l,  l-ceil 
epitopes  in  the  vicinity  of  region  II  h.ivt  I'een  ivlonliliv'd  bv 
Cicoige  et  al.  (31.  who  useil  mice  inuniiiu/ed  witir  the  peptide 
l’V-23.  ami  bv  Nardin  el  al.  (.5i,  w  lio  used  eliiinp.«n.\\  s 
nnmiini/cd  b\  miiliif'le  expo'Uies  !  >  i!h'  tniv'  ot  /'  i  i... 
inlecied  ni\)sqiuioes  Kegioii  II  v\.,s  iv,  (\  .hown 
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tain  an  amino  acid  sequence  that  promotes  the  adhesion  ol'u 
variety  of  human  hematopoietic  cell  lines  (6). 

In  order  to  precisely  define  the  epitopes  to  which  the 
antibodies  in  the  Peruvian  serum  samples  arc  directed,  it  will 
be  necessary  to  determine  responses  to  a  scries  of  peptides 
containing  overlapping  sequences  covering  the  repeat  and 
nonrepeat  regions.  The  results  of  the  present  study  empha¬ 
size  the  need  to  further  characterize  the  immune  response  to 
the  nonrepeat  regions  in  naturally  exposed  and  experimen¬ 
tally  immunized  humans. 
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